Abstract. The effect of calcitic limestone treatments on the availability of P to turnip rape was studied with two acid mineral soils of pH 4.8 (CaCl 2 ) in a pot experiment during two growing seasons. The soil reactions of a connected incubation test served to interpret the results obtained in the pot experiment.
Introduction
The role and importance of pH control in plant production have been largely discussed and contested during the last few decades. Liming is conventionally used to reduce soil acidity and to improve growth conditions as well as the availability of some nutrients, e.g. phosphorus. The profitable effect on P uptake is attributed to many factors, e.g. an intensified mineralization of organic P compounds (SALONEN 1946 , DORPH-PETERSEN 1953 or an increased solubility of secondary inorganic phosphate compounds (GHANI and ALEEM 1942) . Since the introduction of the concept of ligand exchange, the action of lime is rather attributed to the competition between hydroxyl and phosphate ions for sorption sites.
In Finland, incubation experiments have shown the application of base to cause some redistribution of native P between various fractions assumed to represent different P compounds (KAILA 1961 and 1965 , HARTIKAINEN 1981 . These reactions are considered responsible for the increased solubility of P in water (HARTIKAINEN 1981) , but there is no evidence of the relationship between them and the availability of P to plants.
In an incubation experiment with two soil samples carried out by HARTIKAINEN (1983) , liming tended to enhance the solubility of P in one of the samples and to depress it in the other. The detrimental effect was observed in the soil rich in organic matter and seemed to be associated with the simultaneous reactions of soil Al. The purpose of the present study was to investigate the relevancy of the incubation test data by comparing them with the results of a connected pot experiment.
Materials and methods
The pot experiment was carried out in 1980and 1981 with two mineral soil samples the characteristics of which are reported in a previous paper (HARTIKAINEN 1983) . Mitscherlich pots were filled with 4.5 kg of moist soil corresponding to 3.9 kg of air-dried muddy fine sand and 3.6 kg of air-dried fine sand. The soils were treated with 0, 6, 12 JOKINEN (1982) .
Plant analyses. The plant material, first dried at 60°C and thereafter heated at 105°C for two hours, was ground and digested with the acid mixture of HCIO": H2 S0 4 : HNOj in the ratio of 1: 2.5: 10 (scharrer and MUNK 1956). The P content in the filtered extract was determined by an ammonium vanadate method (JACKSON 1958 P fertilization, the total yield of the fine sand soil sample was about twice that of the muddy fine sand sample. The experimental soils differed in their responses to P treatment and liming. In the first year, P addition improved the growth of turnip rape in the muddy fine sand, but not in the fine sand soil of higher initial content of water-soluble P. A positive residual effect of P fertilization appeared in both soils, though, more markedly in the muddy fine sand sample.
The influence of CaCOj treatment on the dry matter yields could be verified only in the second year. In all the soils not receiving P, liming promoted plant growth but remained ineffective in the fine sand soils amended with K 2 HP0 4 and had no influence on the total shoot yields of this sample.
The P content was lower in the shoots harvested from the muddy fine sand soil than in those harvested from the fine sand soil: without P addition, it ranged in the first yield 3.76-4.01°/ 00 and 4.04-4.68°/ 00 , and in the second one 1.91-2.69°/00 and 2.61-3.46°/00, respectively. It was interesting to notice that in the fine sand soil the highest dosages of lime tended to diminish the P content. In the second year this depressive effect was reflected in the uptake of native P ( 
b) Soil analyses
For further information about the effect of liming, the soil samples were analyzed for inorganic P. In addition, some other indicative analyses were performed. In the pot experiment, CaCOj neutralized the soil acidity to the same rate as in the incubation test described earlier (HARTIKAINEN 1983) , but cultivation tended further to raise pH by 0-0.2 and 0.2-0.4 pH units in the muddy fine sand and fine sand, respectively. This was probably due to a marked decrease in salt concentration of the soil solution, indicated by a lowered electrical conductivity (about 31-91 %). The decrease seemed to be more considerable in the limed soils.
The lime-induced reduction in soil acidity hardly increased the final P intensity, as determined by water extraction. The results reported in Table 3 show the water-soluble P in the fine sand soil to have been even lowered. This is unexpected, because in this soil the P uptake by the turnip rape was not enhanced: it rather tended to be reduced as liming was intensified. Further, as stated above, the salt concentration in the soil solution decreased simultaneously, which in most soils is known to enhance the extractability of soil P into water. On the other hand, in the muddy fine sand soil, liming did not decrease the final water-soluble P, even if the uptake of this nutrient was significantly augmented. Tables 2 and 4 that the quantities removed by shoot harvests are generally lower than the total depletion in the fractions. This is partly attributable to the immobilization of P in the root material. The results in Table 4 imply that intensified liming decreased native NaOH-P more and NH 4 F-P less in the muddy fine sand than in the fine sand. It is noteworthy that in all the limed fine sand soils the total depletion was of about the same magnitude, which is contradictory to what could be expected on the basis of the final water-soluble P.
The recovery of applied P in the shoots and soil P fractions amounted to 71_90 % and 82-99 % in the muddy fine sand and fine sand soil, respectively. As expected, greater amounts of residual added P were extracted from the fine sand soil in general than from the muddy fine sand. Table 4 shows liming to increase the enrichment of applied P in the former soil sample and to decrease it in the latter. These results seemed to be attributed to an enhanced accumulation in the NH 4 F soluble fraction in the fine sand and to a reduced accumulation in the NaOH soluble one in the muddy fine sand. In the unlimed fine sand soils, also H 2 S0 4 -P seemed somewhat to increase.
Discussion
Phosphorus seemed to be a growth-limiting factor in the muddy fine sand soil. In the fine sand soil, on the contrary, the P reserves accumulated during the intensive sugar beet cultivation were nearly sufficient to satisfy the requirements of the first turnip rape harvest. The positive residual effect of applied P also in this sample suggests, however, P uptake later to have reduced the P supplying power.
In spite of increased harvests and P uptake, the final intensity of native P in the limed muddy fine sand soils was not lower than in the unlimed ones, which suggests liming to have rendered native soil P better available to turnip rape. This is in accordance with the increase in the water-extractable P in the coexistent incubation test (HARTIKAINEN 1983) . The result gives, in turn, reason to infer that in the P deficient muddy fine sand the improved availability of soil P reserves was responsible for the more abundant shoot yields in the limed pots. The retarded effect of liming is due to the slow solubility of CaC0 3 . It can be ascribed also to the fact that a raised pH affects the P solubility the more favourably the poorer the soil is in this nutrient (HARTIKAINEN 1981) . The conditions prevailing in the second growth period better complied with this qualification.
In the muddy fine sand pots amended with P, the CaC0 3 treatment seemed to ameliorate growth conditions other than P supply. However, the medium lime dosage appeared somewhat to advance the total withdrawal of applied P. The remaining water-soluble P being a little lower in this treatment is in agreement with the effective P utilization by plants. Evidently, the moderate liming was sufficient to promote P uptake but not too heavy to cause some disbalance between the different nutrients.
On the other hand, in the fine sand soils not treated with P, liming improved plant growth without affecting P removal. In the soils amended with P, the highest dosage of CaC0 3 even markedly reduced the P uptake. Nevertheless, the final water-soluble P was significantly reduced in all the limed treatments, indicating a diminished availability. The indicative incubation test (HARTIKAINEN 1983) showed a similar decrease in the P solubility in the limed soils. These results lead to conclude that also in the fine sand soil not treated with P liming improved other factors than P supplying power.
Nowadays, Al toxicity is considered an important factor contributing to the infertility of acid soils (e.g. EVANS and KAMPRATH 1970 The fractionation analysis data agreed with those of plant analyses and the incubation test (HARTIKAINEN 1983) . In the muddy fine sand, liming tended to increase the exhaustion of native P, especially NaOH-P, and to decrease the accumulation of applied P. In the fine sand, on the contrary, it promoted the enrichment of added P, but less in the H 2 S0 4 fraction than in the incubation experiment.
According to general knowledge, liming augments P uptake from soil. However, a soil type of dissimilar response, e.g. the fine sand in the present study, is not necessarily very exceptional. As concluded in earlier studies (HARTIKAINEN 1981 and , the changes in P solubility due to increasing pH are a net result of processes enhancing desorption and of those promoting sorption. Yet, it is possible that under field conditions the difference between the experimental soils would not have been as distinct. For instance, in the field trials of JAAKKOLA et ai. (1977) , it was difficult to determine with certainty the effect of liming on P fertilization requirement. The basal dressing of fertilizers raises the utilization degree and may partly impair the efficiency of lime. On the other hand, the results of the present study and the experience obtained in the sugar beet cultivation on the line sand block (see HARTIKAINEN 1983) demonstrate that a relative low soil pH does not necessarily limit the growth of even pretentious plant species, provided no nutrient deficiency or metal toxicity occurs.
